Background: Anti-CD74 IgG antibodies are reported to be elevated in patients with axial spondyloarthritis (axSpA). This study assessed the diagnostic value of anti-CD74 antibodies in patients with early axSpA.
Background
Axial spondyloarthritis (axSpA) is a prevalent form of chronic inflammatory arthritis, affecting 0.5-1.5% of the Western population [1, 2] . Current biological disease markers in axSpA (human leukocyte antigen (HLA)-B27, C-reactive protein (CRP), sacroiliitis shown on radiography or magnetic resonance imaging (MRI)) have insufficient diagnostic properties to rely on for making a diagnosis, impeding early diagnosis and treatment. Although diagnostic delays have decreased over recent years as a result of modern imaging techniques and more awareness of axSpA, the current diagnostic delay ranging from 5 to 10 years [3] [4] [5] [6] prevents treatment in the early disease phase.
Two recent studies provided preliminary evidence that anti-CD74 antibodies are elevated in SpA [7, 8] . CD74, also known as the HLA class II γ-chain or invariant chain, is involved in the assembly of major histocompatibility complex II and in preventing premature peptide binding [9] . The extracellular part has two different domains, thyroglobulin type-1 and class II-associated invariant chain peptide (CLIP). Binding of antibodies to CD74 may lead to activation of cells and production of proinflammatory cytokines such as tumor necrosis factor α (TNFα) [10] . The first cross-sectional study showed that anti-CD74 IgG antibodies were present in 67% of the 216 tested patients with axSpA, compared to 6% of 285 nonSpA controls (blood donors or patients with diseases other than axSpA) [8] . The second study showed that IgG anti-CD74 antibodies were detected in 85% of the 145 patients with axSpA and in 8% of the 51 patients without SpA [7] .
Although indicating the potential importance of anti-CD74 IgG antibodies in axSpA, the role of anti-CD74 antibodies in a diagnostic setting is still not confirmed. Therefore, the aim of this study was to test the level and diagnostic value of anti-CD74 IgG and IgA antibodies in a "real life" diagnostic setting using patients with axSpA and patients with chronic back pain (CBP) from a cohort of patients with early back pain, the spondyloarthritis caught early (SPACE) cohort.
Methods
Exploratory cohort: patients with radiographic axSpA and healthy controls Serum from patients with radiographic axSpA (ankylosing spondyloarthritis (AS)) was collected in the Academic Medical Center/University of Amsterdam (n = 21) and the Medical University of Hannover (n = 117). All patients with AS were diagnosed by a rheumatologist with AS and fulfilled the modified New York (mNY) criteria for AS. Serum from healthy controls was collected in the Academic Medical Center/University of Amsterdam (n = 19) and the Medical University of Hannover (n = 38). All patients with AS and all healthy controls gave their written informed consent and the studies were approved by the local ethics committees of the Academic Medical Center/University of Amsterdam and the Medical University of Hannover. Serum samples were stored for at least 6 months at − 80°C.
We included 138 patients with AS and 57 healthy controls. The mean (SD) age was 46.1 (13.1) in patients with AS and 36.7 (13.5) in healthy controls (p < 0.001). Of the patients with AS, 92 out of 117 were male vs. 22 out of the 38 healthy controls (78.6% vs. 57.9%, p = 0.012). HLA-B27 was determined in 117 out of 138 patients with AS; 108 out of 117 patients were HLA-B27-positive (92.3%). The mean disease duration was 24.3 (13.2) months.
The SPACE cohort
We used baseline serum samples from the SPACE cohort. The SPACE cohort is an ongoing, prospective, multicenter, longitudinal cohort that started in 2009 and has previously been described in detail [11] . In short, the SPACE cohort includes patients aged ≥ 16 years with chronic back pain (for ≥ 3 months, but ≤ 2 years) with onset before the age of 45 years. The local medical ethical committees of the participating sites approved the study and all participants gave their written informed consent. For the present analyses, data and serum from the baseline visit were used. We used the central reading results of radiography and MRI of the sacroiliac joints [11] . The primary outcome was an axSpA diagnosis by a rheumatologist vs. no axSpA diagnosis by a rheumatologist. As secondary outcomes, we used (1) a strict definition of axSpA: patients diagnosed by a rheumatologist as having axSpA plus fulfilling the Assessment of SpondyloArthritis International Society (ASAS) axSpA criteria vs. patients not diagnosed by a rheumatologist as having axSpA and not fulfilling the ASAS axSpA criteria, and (2) patients participating in SPACE diagnosed by a rheumatologist as having axSpA at baseline and after 1 year of follow up vs. patients not diagnosed as axSpA on assessment at these two time points. Serum samples were collected at baseline and stored for at least 6 months at − 80°C.
We included 593 patients from the SPACE cohort, including 274 patients diagnosed with axSpA at baseline. Table 1 shows baseline characteristics of the study patients. In short, 119 of the patients with axSpA were male vs. 81 of the patients with CBP (43.4% vs. 28.3%, p < 0.001). The mean age of the patients with axSpA was 30.7 (7.9) years at inclusion and in the patients with CBP it was 31.4 (8.5) years (p = 0.83). Of the axSpA patients, 165 were HLA-B27-positive versus 63 of the patients with CBP (60.7% vs. 22.1%, p < 0.001). Of the patients with axSpA, 172 fulfilled the ASAS axSpA criteria and 48 of the patients with CBP fulfilled the ASAS axSpA criteria (62.8% vs. 37.2%, p < 0.001).
Missing values were below 5% except for axSpA diagnosis (5.6%), swollen joint count (SJC (5.7%)), Creactive protein (CRP (7.1%)), sacroiliitis according to the modified New York (mNY) criteria (17.3%), Bath Ankylosing Spondylitis Disease Activity Index (BAS-DAI) (15.0%)), total serum IgA (9.2%) and the number of patients missing the 1-year evaluation (58.9%). This was mostly due to the study protocol: not all patients were invited for follow up and some patients did not have a 1-year visit due to shorter follow up.
Anti-CD74 antibody detection
Two different enzyme-linked immunosorbent assays (ELISAs) were performed to detect anti-CD74 IgG and anti-CD74 IgA antibodies. The Medical University of Hannover developed the ELISAs to detect anti-CD74 IgG and IgA antibodies in cooperation with AESKU Diagnostics (Wendelsheim, Germany), as described earlier by Baerlecken et al. [8] . The originally described ELISAs were improved for the current study as the old (peptidebased) test only worked with serum that had been frozen for a long time. The tests were performed according to the manufacturer's protocol. Anti-CD74 IgG is expressed as optical density (OD), anti-CD74 IgA is expressed as OD (AS vs. healthy controls) or U/mL (in the SPACE cohort, at that time standard serum was available). We also measured the amount of total serum IgA, as earlier studies showed that total serum IgA is elevated in axSpA [12, 13] .
Data analysis
The chi-square (χ2) test and Mann-Whitney U test were used for categorical and continuous data, respectively. Categorical data are presented as number (percent), continuous data are presented as the mean (SD) or as median (interquartile range (IQR)) as appropriate. Statistical tests were two-sided, and p values < 0.05 were considered significant. Only the available data were analyzed. Linear correlation between two continuous variables was calculated by calculating Pearson's correlation coefficient (r). Receiver operating characteristic (ROC) analysis and the maximum value of the Youden index (sensitivity + specificity -1) [14] was used to evaluate the predictive value of anti-CD74 IgG and IgA antibodies and to calculate the best possible cutoff. These cutoff values were used to calculate the positive predictive value (PPV) and negative predictive value (NPV) and positive and negative likelihood ratios (LR+ and LR-, respectively) of anti-CD74 IgG and IgA antibodies in discriminating between patients with axSpA and patients with CBP.
We explored which characteristics among patients with axSpA were associated with higher anti-CD74 IgA levels by logistic regression. We started with a set of predetermined candidate variables: HLA-B27, disease duration, sacroiliitis on radiography or MRI, peripheral (arthritis, dactylitis and heel enthesitis) and extraarticular (uveitis, psoriasis and inflammatory bowel disease (IBD)) disease manifestations and used backward elimination to create the final model.
We evaluated the association between anti-CD74 IgA and total IgA by univariate and multivariate logistic regression by both forward selection and backward elimination. Besides total IgA and anti-CD74 IgA we added potential confounding variables: HLA-B27, disease duration, sacroiliitis on radiography or MRI, peripheral (arthritis, dactylitis and heel enthesitis) and extra-articular (uveitis, psoriasis and IBD) disease manifestations. Since the interpretation of the regression analysis might be influenced by collinearity between anti-CD74 and total IgA, we first assessed the amount of collinearity by calculating Pearson's correlation 
Results

Anti-CD74 IgG antibodies
To confirm the earlier results [7, 8] 
Anti-CD74 IgA antibodies
Because anti-CD74 IgG antibodies did not have diagnostic value in the SPACE cohort, we explored the level, prevalence and diagnostic value of anti-CD74 IgA antibodies, as earlier research shows that total serum IgA is elevated in axSpA [12, 16] and that IgA is produced at mucosal surfaces, including the gut, which may be inflamed in spondyloarthritis [17] .
In the exploratory cohort, median anti-CD74 IgA antibodies (OD) were higher in patients with AS than in healthy controls (0.31 vs. 0.20, p < 0.001). The AUC on ROC analysis was 0.78 (95% CI 0.82-0.79) and resulted in a cutoff of 0.22 (Fig. 1) . Using this cutoff, anti-CD74 IgA antibodies were present in 39 of 138 patients with AS and in 3 out of 57 healthy controls (28.5% vs. 5.3%, p < 0.001.
In the SPACE cohort, median anti-CD74 IgA antibodies (U/mL) were higher in patients with axSpA than in patients with CBP (19.9 vs. 14.0, p < 0.001, Fig. 1 ). The AUC on ROC analysis was 0.60 (95% CI 0.55-0.65). Using a cutoff of 18.0 U/mL, anti-CD74 IgA antibodies were positive in 150 of 274 patients with axSpA vs. 105 of 284 patients with CBP (54.7% vs. 37.0%, p < 0.001). Anti-CD74 IgA testing with a pre-test probability of axSpA of 46.2% (and thus 53.8% not having axSpA) resulted in a PPV of 58.8%, a NPV of 59.1%, a LR+ of 1.48 and a LR-of 0.72.
Analyses using different definitions of axSpA
As the results of the diagnostic biomarker analysis may depend on the "gold standard" for diagnosis of axSpA, we also tested the median anti-CD74 IgG and IgA levels looking at (1) patients in the SPACE cohort who were diagnosed using a strict definition of axSpA (diagnosed as by a rheumatologist and also according to the Assessment of SpondyloArthritis International Society (ASAS) criteria) (n = 172) versus those not fulfilling either rheumatologist diagnosis or ASAS criteria (n = 238) and (2) patients in the SPACE cohort with confirmed diagnosis of axSpA (n = 143) or no axSpA (n = 64) after 1 of year follow up (1 year follow-up data were available in 244 patients in total). As Fig. 1 Anti-CD74 IgA antibody levels measured in serum from participants in the SPACE cohort. Axial spondyloarthritis (axSpA) (diagnosis), participants in SPACE who were diagnosed with axSpA by a rheumatologist at baseline; CBP, patients with chronic back pain. One data point is outside the axis limits shown in Table 2 , the results of these additional analyses were comparable to the primary analyses.
Anti-CD74 IgA antibodies in axSpA subpopulations
We additionally explored if anti-CD74 IgA antibodies were associated with a specific sub-population of patients with axSpA. In the exploratory cohort, the mean disease duration in patients with AS with or without anti-CD74 IgA antibodies did not differ (24.12 vs. 24.35 months, respectively, p = 0.931).
In the SPACE cohort, on comparison of patients with axSpA with or without HLA-B27, elevated CRP, inflammatory back pain, sacroiliitis shown on MRI and peripheral (enthesitis, arthritis or dactylitis) or extra-articular (psoriasis, uveitis or IBD) manifestations there were no differences (data not shown). Patients with axSpA with radiographic sacroiliitis more often had anti-CD74 IgA antibodies than patients with axSpA without radiographic sacroiliitis (66.7% vs. 46.4%, p = 0.031). In regression analysis within the population of patients with axSpA, sacroiliitis on MRI and heel enthesitis were both significantly associated with elevated anti-CD74 IgA odds ration (OR) = 2.50, p = 0.005 and (OR) = 2.56, p = 0.002, respectively). HLA-B27, CRP, inflammatory back pain, radiographic sacroiliitis and peripheral manifestations other than heel enthesitis or extra-articular manifestations were not associated with anti-CD74 IgA levels.
Total serum IgA
Since earlier studies showed that total serum IgA is elevated in patients with AS [12, 13] , we additionally measured total serum IgA in the SPACE cohort. The AUC on ROC curve analysis was 0.59. Total IgA was higher in patients with axSpA than in patients with CBP (4.07 vs. 3.37 g/L, p < 0.001, Table 2 ). Total serum IgA was higher than the upper reference range (4.0 g/L) in 49.0% of the patients with axSpA and in 35.8% of the patients with CBP (p = 0.008). Anti-CD74 IgA and total IgA were both statistically significant predictors of diagnosis of axSpA, in a univariate logistic regression model (data not shown). We tested for collinearity by first measuring Pearson's correlation coefficient, which was 0.31 for total IgA and anti-CD74 IgA (p < 0.001). Second, we determined the VIF in a linear regression model, showing that the amount of collinearity was low (VIF of 1.11 and R 2 of 0.90). In a multivariate logistic regression model including anti-CD74 IgA and total IgA, total serum IgA was associated with a diagnosis of axSpA (OR) 1.19, p < 0.001), whereas anti-CD74 IgA was not (OR) 1.01, p = 0.33). Adding other potential confounding variables to the model (CRP, inflammatory back pain, HLA-B27, inflammatory bowel disease) did not change the results.
Discussion
The results of our study suggest that (1) serum anti-CD74 IgG and IgA antibodies are elevated in patients with AS compared to healthy controls, (2) serum anti-CD74 IgG antibodies are not elevated in patients with early axSpA compared to patients with CBP, (3) serum anti-CD74 IgA antibody levels are elevated in patients with early axSpA compared to patients with CBP, but (4) serum anti-CD74 IgA antibodies have no diagnostic value in patients with early back pain because of small numerical differences.
Previous studies showed that anti-CD74 IgG antibodies are present in 69% and 85% of patients with (mostly radiographic) axSpA [7, 8] in comparison with 6% and 8% of individuals in control populations without axSpA or back pain. Somewhat lower numbers were obtained in the current study when assessing patients with radiographic axSpA in the SPACE cohort, as 54.5% had anti-CD74 IgG antibodies (data not shown). However, our study revealed two novel pieces of information. First, the percentage of patients with non-radiographic axSpA who were positive for anti-CD74 IgG antibodies was lower (43.9%), suggesting that either the antibodies develop over time or that they are associated with radiographic sacroiliitis rather than with the diagnosis of axSpA per se. Second, the percentage of control patients with elevated Table 2 Anti-CD74 antibody and IgA levels in serum from patients in the SPACE cohort Results are shown as median (IQR). Axial spondyloarthritis (axSpA) (diagnosis): SPACE participants diagnosed with axSpA by a rheumatologist at baseline; Assessment of SpondyloArthritis International Society (ASAS) axSpA criteria: SPACE participants fulfilling versus not fulfilling the ASAS axSpA criteria at baseline; Diagnosis and ASAS axSpA: SPACE participants diagnosed as having axSpA and fulfilling the ASAS axSpA criteria versus patients not diagnosed as having axSpA and not fulfilling the ASAS axSpA criteria. Missing values were 5.6% for diagnosis of axSpA, 3% for fulfilling the ASAS axSpA criteria, 30.9% for diagnosis and ASAS axSpA criteria and 58.9% for axSpA diagnosis at 1-year follow up OD optical density anti-CD47 IgG antibodies (47.9%) was much higher in our study than in the previous reports. This may be due either to the fact that the antibodies are higher in patients with CBP than in healthy individuals, or may be explained by the fact that the anti-CD74 IgG assay has been modified over time. Indeed, the original assay was sensitive to interference by soluble CD74 in serum, leading to false negative results in samples where sCD74 had not been degraded by freezing-thawing. In contrast, the assay used here is not biased by the presence of sCD74 and should therefore be more reliable.
In contrast with the previous suggestion that the presence of anti-CD74 IgG was especially high in early axSpA and declined with longer disease duration [7, 8] , disease duration did not correlate with anti-CD74 IgG but we noted lower presence in non-radiographic axSpA and higher presence in controls with CBP. Collectively, these data indicate that anti-CD74 IgG has no significant diagnostic value in patients under 45 years old presenting with recent-onset back pain.
A second important finding of this study is that anti-CD74 IgA appear better that anti-CD74 IgG antibodies as a biomarker in axSpA. In contrast to IgG, the anti-CD74 IgA antibody levels were indeed higher in patients with axSpA than in patients with CBP. Another study investigating the sensitivity and specificity of anti-CD74 antibodies in a cohort of patients with axSpA (the InterSpA cohort) compared to healthy donors showed that anti-CD74 IgA antibodies were elevated in 65.4% of 104 patients fulfilling the ASAS axSpA criteria [18] . When we used the same cutoff as was used in the InterSpA cohort (15 U/mL), 63.1% of the SPACE patients with axSpA had elevated anti-CD74 IgA antibodies. However, 47.5% of the patients with CBP also had elevated anti-CD74 IgA antibodies when using this cutoff. Despite the numerical differences in the SPACE cohort between patients with axSpA and CBP, testing for anti-CD74 IgA antibodies only modestly increased the pre-test probability of axSpA (46.2%) to 58.8% posttest probability. Similarly, the NPV of anti-CD74 IgA antibodies was low. The LR+ of 1.48 and LR-of 0.72 confirmed that although anti-CD74 is associated with axSpA, their practical significance in diagnostic testing is low. Moreover, the association between axSpA and anti-CD74 IgA antibodies in early back pain may partly be explained by total IgA levels, which have previously been shown to be elevated in patients with axSpA [12, 13] . In the SPACE cohort, total IgA was significantly correlated with CRP and ESR levels (data not shown), showing that IgA levels might be linked to the level of inflammation, which is in line with previous research [19, 20] . In multivariate analysis, the value of anti-CD74 IgA disappeared when adding total IgA levels.
The strengths of our study include the fact that the SPACE cohort is a well-validated "real life", multicenter, multinational cohort with large numbers of patients. The entry criteria for SPACE were designed to reflect at best the clinical practice of patients presenting with chronic back pain to a rheumatologist and in which the rheumatologist considers the possibility of axSpA in his/ her differential diagnosis. The work-up of these patients in the SPACE cohort is very similar to what one would do in clinical practice. As such, almost all patients in the SPACE cohort considered as having axSpA (and as indicated (Table 2) , to be even more stringent we used not only clinical diagnosis as a reference but also the combination of clinical diagnosis plus diagnosis according to the ASAS axSpA criteria) would also be considered as having SpA in daily practice. Supporting our claim, the percentage of patients with axSpA in SPACE (42% when using both clinical diagnosis and ASAS axSpA criteria) is similar to the percentage of 41.8% in a multicenter study using a referral strategy consisting of the presence of either IBP or HLA-B27 or sacroiliitis on imaging (MRI and/or radiography) [21] and not much higher than the 35.1% in a study using IBP (inflammatory back pain) or a good non-steroidal anti-inflammatory drug (NSAID) response as referral symptom [22] . So percentages around 40% are in line with what one would expect in such "diagnostic" settings.
Furthermore, the meticulous collection of clinical and radiographic data enabled us to define axSpA in several ways and thus correct for potential biases. For example, an accurate clinical diagnosis of axSpA in an early phase remains challenging and the ASAS classification criteria are not appropriate for diagnostic use, questioning the validity of the gold standard for assessment of a potential diagnostic biomarker. The SPACE cohort, however, allowed us to use more strict definitions of diagnosis, either by combining clinical diagnosis and classification criteria or by using clinical diagnosis confirmed at 1 year of follow up. These analyses yielded very similar results to the primary analyses, indicating that it is unlikely that diagnostic biases explain the differences in anti-CD74 IgG between established AS and early axSpA, the relatively high prevalence of anti-CD74 IgG and IgA antibodies in patients with CBP, or the limited PPV and NPV of anti-CD74 IgA in patients with early back pain.
Similarly, the well-documented clinical and imaging data from the SPACE cohort also allowed us to explore if anti-CD74 IgA antibodies were associated with a specific sub-population of patients with axSpA. These analyses showed that anti-CD74 IgA antibodies were not associated with HLA-B27, CRP, disease duration, sacroiliitis on radiography, peripheral manifestations other than heel enthesitis or extra-articular disease manifestations, although they were associated with sacroiliitis on MRI and with heel enthesitis. A longitudinal analysis may be more powerful than our cross-sectional approach to determine whether anti-CD74 antibodies are a useful biomarker for specific features of the disease, for example, to predict radiographic damage.
Although the SPACE cohort is designed to simulate a real-life situation, the generalizability of findings in the SPACE cohort to the intended population could be questioned. First, the SPACE cohort includes patients with chronic back pain for ≥ 3 months but ≤ 2 years, between 16 and 45 years old, in whom the diagnosis of AxSpA was considered. However, patients presenting for diagnostic work-up of potential AxSpA in clinical practice may have significantly longer symptom duration. Although we did not find any correlation between anti-CD74 IgG or IgA antibodies and disease duration in either of our cohorts, we cannot formally exclude a different relationship in patients with longer symptom duration. Second, the SPACE cohort includes patients in secondary and tertiary rheumatology practices, so this is the setting that we tested, and our data are not applicable to a primary care or population-based setting. In the latter settings, however, the pretest probability would be much lower and consequently, the performance of the test would even be worse.
Conclusion
We conclude that anti-CD74 IgG and IgA antibodies are of limited value in diagnosing axSpA in patients with early, chronic back pain. Long-term follow up of patients in the SPACE cohort will show whether anti-CD74 IgA antibodies contribute to predicting certain axSpA characteristics such as radiographic damage, extraarticular manifestations or peripheral joint disease.
